ABSTRACT
INTRODUCTION

29
Homologous recombination is an important mechanism by which horizontally-transferred 30 DNA is incorporated into the genome of the recipient organism. In bacteria, DNA can be 31 horizontally acquired through three main mechanisms: transformation, conjugation, and 32 transduction. Transformation is a likely route for DNA acquisition for naturally competent taxa, 33 which are found in a wide range of phyla (1) . Once inside the cell, DNA can be incorporated 34 into the genome or degraded; it has been hypothesized that natural competence originally 35 evolved as a nutrient uptake system (2). However, there is potential for horizontally acquired 36 DNA to alter the recipient's fitness and phenotype if the DNA is recombined into the genome.
37
Horizontal gene transfer through natural transformation can increase the rate of adaptation of 38 pathogens to new environments (3). Natural transformation increased the pathogenicity of a
39
Ralstonia solanacearum isolate when it recombined with DNA from a highly virulent strain (4).
40
Furthermore, it has been shown that adding a single gene in Vibrio fischeri is sufficient to alter 41 its host range (5). Thus, horizontal transfer of even small segments of DNA can have significant 42 evolutionary effects.
43
Several factors can limit horizontal gene transfer through natural transformation and 44 recombination. Gene transfer between organisms can be hampered by geographic separation.
45
The lack of DNA uptake sequences (DUS), short DNA sequences recognized and preferentially 
65
Xylella fastidiosa is a plant-pathogenic bacterium that colonizes the xylem vessels of its 66 host plants and inhibits the flow of xylem sap, resulting in symptoms such as leaf scorching and 67 stunted growth (17). It is the causative agent of several economically important diseases, such as 68 Pierce's disease of grapevine, citrus variegated chlorosis, and coffee leaf scorch (18). Recently,
69
this bacterium was shown to be naturally competent and able to homologously recombine 70 acquired DNA into its genome in laboratory environments (19) . Multi-locus sequence typing 
82
There is increasing evidence that horizontally-acquired DNA affects the evolution of X. 
METHODS
94
Strain, media and growth conditions. The X. fastidiosa subspecies fastidiosa strain 95 Temecula (25) was used in this study. Cells were grown in either periwinkle wilt Gelrite (PWG) 96 medium (26) or in modified X. fastidiosa medium (XFM) (19 p35, p50, etc. (Fig. 1 ). Plasmids were transformed into E. coli strain EAM1 for propagation as 109 previously described (19) .
110
To construct plasmids with different lengths of non-homologous DNA, we first used 111 primers F1 fwd SphI and F1 rev NcoI (Table 1) Table 1 . PCR products and pS2 were digested with NcoI and
122
NotI and ligated together to form pS2-1k, pS2-2k, pS2-3k and pS2-5k (Fig. 2B ). Plasmids were 123 transformed into E. coli strain EAM1 for propagation. pS2-2k producing a fragment of 4kb, etc. Cells were quantified using qPCR as previously 139 described (19 per total cells present) was 5.62×10 -5 (Fig. 1A) . Overall recombination efficiencies decreased for 
176
In separate trials, we tested the recombination efficiencies of plasmids with flanking 177 regions ranging from 26bp to 1000bp (Fig. 1B) . A single instance of recombination mediated by to confirm additive integration at the correct locus occurred by a double recombination event.
183
All amplicon lengths were as expected. 187 cells (Fig. 2) . Increasing the size of the non-homologous region by 1kb (using plasmid pS2-1k) MLST studies (20) (21) (22) that recombination between different subspecies occurs at relatively high surrounding the insert, we were able to confirm that the entire non-homologous region was 257 inserted into the genome at the correct locus, strongly suggesting a double-crossover event. 
276
Our experimental data also provide a sense of how much non-homologous DNA can be 277 inserted into the X. fastidiosa genome, which is relevant for assessing the potential of natural 278 transformation and recombination to affect, for example, adaptation to novel environments.
279
Previous work in X. fastidiosa has shown that altering a single gene can alter pathogenicity (24) 
